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TITLE: METABOLIC INTERVENTION WITH GLP-1 OR ITS 

BIOLOGICALLY ACTIVE ANALOGUES TO IMPROVE THE 
FUNCTION OF THE ISCHEMIC AND REPERFUSED BRAIN 

FffiLDOFTHFTNYFNTION 

ischemic and reperfused brail]. 

BArK " Bn "NT flF THT TTnTimOl I 

S«okes, or cerebrovasc ul ar accidents, „ to resuI , rf - ^ ^ 
cerebral blood flow ,o a region of the brain. There are approximately 500,000 cases each 
year in «he United Su.es, of which 30% are faul, and hence stroke is He third leadnig 
cause of dearh hi the United States. Approbate* m of s^kes are "ischemic" and 
result from an acute occasion ofa cerebral artery (us^Hy a do, or thrombus,, with 
~*« reduction in blood flow. ^ remamder are "hemorrhage", which are due to 
rupmre of a cerebral a**, with hemorrhage into brain tasue md 

blood flow due to local tUsue compression creating ischemia. 

nsk fac^r is hypertension. However, the* are additional strong risk factors, o, which the 

^-^^ Moreover, mere is strong 

underlying mechanisms remain controversial. 

"'-^."-wasnoapprovedtherapyforacuKsaoke.whichwa.tteated 
yg.nem, medical support only, followed by re habi,«on from „ e observed damage, m 

"*™ ^ 00 ' ,taiM —» —WW «als. Some, but no. all, 
ta* revealed a 30-55% imp_ m clinical oufcome, with an overa,, „ in 

W and morbidity. ™s overall benefl, was achieved despite a markedly chanced 
nsk of intracranial hemorrhage (6.4% i. tt» A . tte a«ed vs. 0.64% in placebc-freated groups, 
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half of which were fatal. Because of c^cerns abou, safety „ ^ 

*~**cy, with ,p A ta „ been ^ by ciwciffls ^ 

■scheme stroke. A , w ^ . effKtiyeiy ^ w 

-*^-pe BiS e i „ t he m ^ gOT e nUfKl „ estroke , anditisIimile(i 

who on CT scanning do not have evidence of major infarction, are less than 70 years old 

andarerr« 0 fn,ajormedicaIcorrfi„o M inclndingdiabe,es. Asaresul, ody 

approxi.natelyl^ofpa.er.tswhornighthe candidal for tPA merapy actually receive 

. Tins sttuafon is likely , 0 improve as clinical experience with its use achates ^ 

^-bsetofpatien^ostlikely^benefitismorec^lydenned. Moreover, there is 

which supports the logic of implementing reperftsion therapy. 

From mese considerations it is evident mat mere is an enormous unmet need for 
new, effective therapies for acute saoke. This has sdmulated intense search in 
.defying s^ategies ma, can provide neuropnotection during the period of ischemia 
(whether due to ischemic or hemorrhagic strokes), and therapies that bIoc k reperfusion 
Jry followingrevascularizasonmischemic stroke, The goal is to saNage neurons in 
"-^W-hemicpenumbrattatsur.ou^smemfirctedcore. Candidate agents fall 
mto three major groups: excitotoxicity inhibitors; leukocyte adhesion inhibitors- _ 

neurotrophics. nrst group, most efforts a, aimed a, Mocking me a:,ion of me 
«"^-«-^*^^b T l^ ltalMM-1(>0( 


25 


30 


The second strategy, blocking leukocyte adhesion, is based on the premise ma, 
neutrophils and monocytes contribute significantly to injury a*, infarct 

extent and can be prevented from entering the ischemic zone by administering 
mh.bi.ors of relevant adhesion molecules and inflammatory cytokines (fan e, a, ,998, 

The mud strategy involves the adnunisnaion of neurotropWc factors ma, can 
protect neurons by providing genera. trophic support during both the ischemic and 
^^j^^'^ periods. Included in this group of agents are basic fibroblast growth factor and 
■nsuhn. Numerous smdies have shown ma, insulin « exe* poten, neuroprotecdve effects 
m a vanety of stroke model, However, me use of insulin is complicated by the 
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uncertain* adding the neuron effects of hyperelvcemia , fc ^ ^ ^ 
mtld-to-modes. hypoglycemia, and the potentially w effects of severe hypoglycemia 
In ac.orda.Ke with this invention i, can be seen tha, there is a real and continuing 
need for an effective tieatmen, to improve the function of the ischemic and reperfused 

S bnun. Th,s mvention has as it, primary object the fulfillment of this need 

Another object of the present invention is to treat the ischemic or reperfcsed brain 
wtth GUM or its biologioaHv active analogues alter acute stroke or hemorrhage ,o 
cpunuze tasutin secretion, to enhajtce insuHn effectiveness by suppressing glucagon 
antagonism, and to maintain euglycemia or mild hypoglycemia with no risk of severe 

) hypoglycemia. 

Another objective of the present invention is to accomplish the above objectives 
with a composition tha, provides no risk of severe hypoglycemia, and can correct 

hyperglycemia. 

b.ologically active compound that offers no side effect risk, whatsoever. 

The means and manner of accomplishing each of the above objectives will become 
apparent from the detailed description of the invention which follows hereinafter. 

SUMMARY OF tt-tf W^rr^ 

It has now been discovered that GLP- 1 treatment after acute stroke or hemorrhage 
preferably mtravenous administration, can be an ideal treatment because it provides a 
means for optimizing insulin secretion, increasing brain anabolism, enhancing insulin 
effectless by suppressing glucagon, and maintaining euglycemia or mild hypoglycemia 
with no risk of severe hypoglycemia or other adverse side effects. 

. DETATT-FX) DFSCRiPTTON n F TFF m YF MTT QN 

Numerous animal and human studies have revealed a strong correlation between 
hyperglycennaandmeseventyofstroke-relatedmorbi^ However ^ 

» considerable disagreement about whether high blood glucose levels actually contribute . 
to neuronal injury during ischemia, or whether hyperglycemia is me re ,y a secondary stress 
response to neuronal injury. A recent retrospective follow-up study of 81 1 patients with 
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acute sttoke in the U.K. concluded that hyperglycemia predicts higher mortality and 
morb,d,<y independenUy of other adverse prognostic factors and thus may be causally 
related ,o neuronal damage. However, this conclusion has been challenged by some on 
stattsuca! grounds, and mere is a consensus in some ,uarters that hyperemia in stroke 
« patterns is reactive to cerebral damage rather man causative. Nevertheless, it is remarkable 
that 20% to 43% of acute stroke patients are hyperglycemic a, presentation. This can be 
accounted for, in part, by preexisting diabetes (25% to 50% of hyperghycemfc patients), b„, 
m the majority mis appears to be a reflection of an acute stress response with an increased 
production of Cortisol, glucagon, and catecholamines. Whether the resultant 
hyperglycemia is in 6c, causally related to neuronal injury in human stroke patients cannot 
be answered definitively at present. 

Attempts to clarify the role of hyperglycemia in producing neuronal damage have 
focused on appropriate animal models of acute stroke. These studies have revealed that in 
rat models of transient focal cerebral ischemia followed by reperfusion - a model relevant 
to the clmical situation of ischemic stroke treated by tPA revascularization - hyperglycemia 
appears to be causally related to enhanced neuronal damage. Compared to focal ischemia, 
modelsofg,obaI ischemia, induced either by transient cardiac arrest or by bilateral vessel 
occlusion in rats, revealed a less significant neurotoxic effect of hyperglycemia 
Experiments in these global ischemia models have revealed that insulin-induced normo- or 
hypoglycemia are neuroprotective, but that these effects appear to be mediated by insulin 
directly, independent of its blood glucose-lowering action. Thus, experiments in animals 
mdacate that the neuronal effects of blood glucose during and after acute stroke are 
complex, and depend both on the extent of the ischemic zone and on the timing of blood 
glucose manipulations. 

The consequences of ischemia-reperfusion events, whether focal or global are 
reversible and irreversible brain cell damage, cell death, and decreased organ functional 

efficiency. 

The paradox of cellular damage associated with a limited period of ischemic anoxia 
followed by reperfusion is that cell damage and death appear not only likely to directly 
result from the period of oxygen deprivation but, additionally, as a consequence of re- 
oxygenation of tissues rendered highly sensitive to oxidative damage during the ischemic 
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.flow and continues to wmm ow . nmnter o{how u ^ 

anox.0 celk * oxidative ^ ud> efi . m (o ^ m 
> r^s in these same ^ ^ bKn ^ ^ ^ ^ ^ ^ ^ 
damage ,„ post-anoxic ^ organs . A rf ^ ^ ^ 

-M.nbln.hn inland subset inflammation associated damage could 
prov.de synergistic protection agahs, refusion in juy . GUM, and ,ts biological* 
active analogues, can accomplish this by creating a strong anaboUc effect on brain ceUs 

ta addition to GUM or its bioiogica. Rogues, the therapy ««, in cmde ^ of fe 
r^ scavengers such as glutachione, melatonin, Vitatnin E and superoxide dismutnre 
(SOD), m tins combination, reperfusion damage risk is even lessened further 

»^«»»e tt ea«ne»,o f s«chpa«ie.,s,aco m mon fl ,erap y now^ed i s,o 

■ncreaamg number of patients a. being exposed to the likelihood of repertusion hnury'and 
its effecls resultmg from Ihrombolylic interventions. 

Tie inventors here have discovered that the administration of human GUM or its 

msunn being neuroprotective, likely by direct newotropMc effects, as well as by 
controlling stroke-related hyperglycemia. 

T^-GW-rorgtagon-likepepdae,^ 

(7-36) am.de receptor protein and has a corresponding biotogical effect on insuhn 
secretion as GIJ-, (7-36) amide, which is a native, biologically active form of GUM 
Sec Goke, Band Byrne, U, DU.be.ie Medicine. .996,13:854-860. The GUM receptors 
are cell-surface proteins found, for example, on insulin-producing pancreatic p.cells 
Glucagon-bke peptides and analogues win induce species having insulinotropic activity 
and that are agonists of, i.e. activate, th. GLP-1 receptor molecule and its second 
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messenger activity on, alia, insuhn p^ ^ ^ of 
peptide to, exhibit activity through this receptor have been described: EP 0708, 79A2- 
H)orm, S.A. eta,.,,. B M a, m . 269 <48,: 3 0I2.-30>24 (.994); Siege,, E.G. e, al. Amer 
Btabetes Assoc. » Sessions, Boston (1997); Hareter, A. e, a,. Ame, Diabetes 
. Assoc. 57th Scientific Sessions, Boston (,997); Adelhorst, K. e« a,. J. Biol Cken, 
269<9>: 62 75-6278 (,994,; Deacon C.F. et a,. taten.tiona, Diabetes Federation 
Congress Abstract, Supplemen , (}99J); ^ D.M. et a,., Proc. Na„ Aca* 

Set USA. 94:79,5-7920 (,997); Mosjov, S. /„,. ; ^ ^ ^ _ 
Olucagon-like molecules include ^/nucleotides tha, express agonists of GLP-1 i e 
activators oftheGLP-1 receptormolecute and itssecondaty messenger activity found on 
insulin-producing p-ceUs. GLP-1 mimetics that also are agonists of Q-cells ' 
.nclude, for example, chemical compotmds specifically designed to activate the GLP-1 
receptor. Recent publications disclose Black Widow GLP-1 and Set 3 GLP-1 seeGG 
Hob, J.F. K^IOmparaaveBiocHemUuy and PfysMogy, Parts 121(.99 8 )177-.84 

also known, for example see e.g. Watanabe, y. « a,., j. BndocrhKl mm5 _ }2 

receptors (see, e.g. WC97/46584). Further embodiments include chemically synthesized 
glucagon-tike polypeptides as well as any polypeptides or Sagments thereof which are 
substantially homologous. "Substantially homologous," which can refer born to nucleic 
actd and amino add sequences, means tha, a particular subject sequence, for example a 
mutant sequence, vanes fan a reference sequence by one or more substitutions, deletions 

oraddttions^eneteffectofwUchdoesnotresulttaanadverselunctiomtidissi™ ' 
between referee and subject sequence, For Purposes ofmepresem invention, s« 
havtng greater than 50 percent homology, and prefe ra bly greater man 90 percent 
homology, equivalent biological activity in edging p-cel, responses to plasma glucose 
levels, and equivatent expression characteristics are consider substantially homologous 
For purposes of determining homology, truncation of the mature sequence should be 
drsregaxded. Sequences having lesser degrees of homology, compare bioactivity and 
eqmvalent expression characteristics are considered equivalents. 
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Marian GLP peptide, ^ glucagm „ ^ „ y ^ ^ ^ ^ ^ 
■leurn ft. phenotyp. „ p^ mt0 Wo major ^ ^ QLp ^ fc 

GLP-, and G LP-2. Here are four GLP-1 relate* pepddes taown which „ procKsed 
torn the phenotypic pepufe. orj ,., ( ,. 37) ^ ^ ^ ^ ^ ^ ^ 

S ^ A ^^'yT ta Ph e l to SerA V Va 1 ScrSerT yT Le llG , uGlyGtaAlaAlaLys01u 

PieDeAIaTrpl e uVa I L ysG l yA ,» Gly( SEQ.n )N 0: 1 ,. GL p. 1(1 .3 7)isan , ida|ed 
post-translationd processing ,„ yield G LP-1 (,-36) nh, which ^ ^ His 

01uPh eG1 „A Ig H is A 1 a G1 „ G , ylto PheT to Se r A S pVa 1 SerS=rTyrLeu G ,„ G , yGln 
Ala Ala Lys Glu Phe n. Ala Trp Leu Val Lys Gly Ar g (nhj (seq . ro N0 . 2) . or ^ 

.0 e.zymaacaUyproce^ed.ojdddOLP.l (7-37) „ Wc h has the sequence His Ala G l„ G | y 
TtaPheThSerAspValSerSerTyrUuGtaG,,^^^^^^^^ 

Leu Val L y s G l y Arg G l y (SEQ. ID NO:3). GLP-] (7-37) can atao be amidated to yield 
GLP-1 (7-36) amide which is the natural form of the GLP- 1 molecule, and which has the 

^uenceHisAlaGluG.yThrPheThrSerAspValSerSerTyrLeuOlufflyanAlaAla 
.5 Lys Glu Phe I,e Ata Trp Leu Val Lys G , y Arg (My (S EQ . ro N0:4) 

form of the GLP- 1 molecule. 

Intestinal L cells secrete GLP-1 (7-37) (SEQ. ID NO:3) and GLP-1(7-36)NH 
(SEQ.ID NO:4) in a ratio of 1 to 5, respectively. These truncated forms of GLP-1 have 
short half-lives in situ, i.e., less than 10 minutes, and are inactivated by an 

20 ^PeptidaselVtovieldGluGlyThrPheThrSerAspValSerSerTyrLeuGluGly 
Gin Ala Ala Lys Glu Phe He Ala Trp Leu Val Lys Gly Arg Gly (SEQ. ID NO:5); and Glu 

GlyThrPheThrSerAspValSerSerTyrLeuGluGlyGlnAlaAlaLysGluPhelleAla 
Trp Leu Val Lys Gly Arg (NH 2 ) (SEQ. ID NO:6), respectively. The peptides Glu Gly Thr 

PheThrSerAspValSerSerTyrLeuGluGlyGlnAlaAlaLysGluPhelleAlaTrpUu 
25 V ^ysG.yAr g Gly(SEQ.IDNO:5)andGluGlyrhrPheThrSerAspValSerSerTyr 

Leu Glu Gly Gin Ala Ala Lys Glu Phe He Ala Trp Leu Val Lys Gly Arg (NH 2 ) (SEQ. ID 

NO:6), have been speculated to affect hepatic glucose production, but do not stimulate the 

production or release of insulin from the pancreas. 

There are six peptides in Gila monster venoms that are homologous to GLP-1 
30 Their sequences are compared to the sequence of GLP-1 in Table 1. 
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TABLE 1 

HAEGTFTSDVSSYLEGQAAKEFIAWLVKG 
^HSDGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSG APPPS 

c DLSKQMEEEA VRLFIEWLKNGGPSSGAPPPSNH 

AHGEGTFTSDLSKQMEEE A VRLFIEWLKNGGPSSG APPPS 

e-HSDATFTAEYSKLLAKLALQKYLESILGSSTSPRPPSS 
f-HSDATFTAEYSKLLAKLALQKYLESILGSSTSPRPPS 

g. HSDAIFTEEYSKLLAKLALQKYLASILGSRTSPPP NH 

h. HSDAIFTQQYSKLLAKLALQKYLASILGSRTSPPP NH 


a=GLP-l(SEQ.IDNO:4). 
b=Exendin 3(SEQ. ID NO:7). 
c=Exendin 4(9-39(NH 2 (SEQ.ID NO:8). 
d=Exendin 4(SEQ.ID NO:9). 
e=Helospectin I(SEQ.ID NO: 10). 
f=Helospectin II(SEQ. ED NO:l 1). 
g=Helodermin(SEQ. ID NO: 12). 
h=Q 8 , Q 9 Helodermin(SEQ. ED No: 13). 
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^-J-taoIogiesa.Mca.edby.heouUtaed^asfeTabie.are.. peptitec 
- » are derived from b and g, , Wy . M] 6 m>mlly ^ 

«-«,erho m o,o g „ UstaposWoIK4 , 5>6)8 , 9>15i22)23 25 26aiid29 ^ 

fr^T^'^ S " 1 "' ar ^ ' )os ' t ' ons 22 and 23 F (Phe) and I (lie) are structurally similar to Y 
(Tyr) and L (Leu), respective* Likewise, in pc^on 26 L and I are stnrcturallv 

equivalent. 

™7- 0ffeM ^-ofc a P- 1 ,exendins3and4areide„ & a,in 1 5posi«i ms 
arxie,,val=„ tl „ 5 a daWoMlposWoiK . ^ „„,y posinons „ h ere radtcal stntcrura, 

changes are evident are at residues 16 17 19 ?i 94 ™ <i 0 ., ,x ^ 

_ tJ ' ' 19, 21 ' 24 ' 27 ' 28 ^ 30. Exendins also have 9 

extra residues at the carboxyl terminus. 

The GLP-1 ^pepddescanbernadebysoUdstatechernicalpeptidesvnteis. 
GLP-1 can also be made by convent recombinant ^ ^ ^ 

.5 P-^esde S cri t ^in, f orexa mp le,San,broo km dMa..a itt , "Recombinant-, as used 
heretn, means ma, aprotein is derived from recombinant (e.g, microbial or mammalian) 

W.P-1 or its biologically active analogues. 

^^-''^^^berecovereoarxipurifledtarecombtatcell 
cultures by metttods induding, but no, limited ,o, ammonium sulfate or ethanol 

precipe acid extraction,^ or cation -bange chromatography, pbospbocellulose 

h «"*«^a«o W hy^^ 

chromatography (HPLC) can be employed for final purification steps 

» rae ^ teofto P«-»'invend„nmaybea mW ral 1 yp Mifi eop ro d„c.< ) ra 

prokaryouc or eukaryotic hosrs (for example by bacteria, yeas; higher plant, msec, a„ d 
—an cells in culture or „ „vo, 0 „ ^ hoa employed in a recombinant 

producon procedure, the polypeptides of the present in Vention „ 
30 glycosylated, but may be glycosylated. 
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GLP-1 activity can be determined by standad methods, in geiKral , by 
bmdmg activity screening procedures which mvdve ^ ^ 

stress the GLP-1 receptoron.heixs.face, Sample, ^ ^ ^ ^ _ 
RINmSFcellsorlNS-. cells. S«a to Mo sj ov,S.( 1 992)a„dEP070 8 „OA2. Inaddition 

cAMPacdvifror^dep^,^^^^^^^^ ^ ■ 
method, a polynucleotide encoding the receptor of the present invention „ „ 
transfectcells ,„ fcceby express to GLP-. receptor protein. Thus, for example these 
methods may be employed for screening for a receptor agonist by contacting such cells 
» wrth compounds to be screened and determining whether such compounds generate a 
signal, i.e. activate the receptor. 

Polyclonal and monoclonal antibodies can be utihzed to detect purify and identify 
GLP-1 nice peptides for us. in the methods described herein. Antibodies such as 
ABGA1178 detect intact tmspliced GLP-1 (1-37, orN-terminaUy-mmcated GLP-1 (7-37) 
or (7-36) amide. Outer antibodies detect on the very end of the C-terminus of the precursor 

active tnmcated peptide, i.e. GLP-1 (7-37) or (7-36, amide (Orskov et al. Diabetes, ,993 
42:658-661 ; Orskov et al. J. CUn. Invest. 1991, 87:415-423). 

Other screening techniques taclude the use of cells which express the GLP- 1 
receptor, for example, transfected CHO cells, in a system which measures extraocular pH 
or tontc changes caused by receptor activation. For example, potential agonists may be 
contacted with a cell which expresses the GLP-1 protein receptor and a second messenger 
r«P°nse, e.g. signal transduction or ionic or pH changes, may be measured to determine 
whether the potential agonist is effective. 

Theglucagon-litepeptide-l receptorbmdmgpn^toinsofthepresentinventionmay 
be used m combination with a suitable phamraceudcal carrier. Such compositions 
comprise a therapeutically effective amount of the polypeptide, and a pharmaceutical!, 
acceptable carter or excipient. Such a carter includes, but is no. limited, ,„ saline 
buffered saline, dextrose, water, glycerol, ethanol, lactose, phosphate, marmitol, arginine 
trehalose and combinations thereof. The formulations should suit the mode of 
administration and are readily ascertained by those of skill in the art. The GLP-1 peptide 
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^^^■^^^^^ 

injection. J y 

The dose range of conation, tha, are effective ^ 

-be .derated. ,, can be given in . bo,us ^ , y of _ 

„T^ f ° r various awBca,ions " for - Venous 

75^ mn ,a nd fo rstagl e injecaon ^ hs)bvIV01mo ^ to20 
s.c 0. 1 nmol/kg to 100 nmol/kg. 

The prefer method of adnnnisWion of the GLP-1 peptide is through a 

^n.omeofOLP-.dehveredby^^^^^^ 8 
**n*ri.oneal, injected depot ^ suaained release> dKp lung ^ ^ 

.ntravenous, buccal, patch or other sustained release delivery methods 

" ^^^^ofglucoseneuroWciryrer^speculanVe,^ 
^*«*^«»I^t,.^. IfalTO . dllrtlgM1-lltl 

Cher hsaues, anaerobic gjvcolvsis is ^ produces ^ ^ ^ ^ 

enhanced by hyperglycemia. Lactate may be especiaUy toxic to iscnemic neuronal ceils 
« mechanic tha, ha, been suggested is that neuronal excitotoxicity <e.g., induced by 
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glutamate) is glucose-^ mi hence hypHg|yCOTja ^ ^ 
netuona, damage. Despite no, knowing me prKiK fc fM u 

uLP-l provides significant benefits. 

> should TT^' " " 2 ° f hei8htened - ** - be- 

can be adhered a. home or ir. an ambulate for its ^ 
improve brain metabolism. 

From these consider., it is clear ^ . potenMy ^ 
acute stroke and - limiting tafarct size is » - 

practical means of Sealing hyperglycemia was with insulin. 

To date no randomized, conned human trial has been corned ,o examine me 
benetits of msuhn treatment for acute stioke, ahhough such trials have been advocated 
However.memsuhnsideeffec.ns.cis.oogrea, m contrast to this paucity of data in ' 
human trials, numerous studies have evaluafcd to effects of insuhn in anima, models of 
stroke. Vrrtually without exception, these studies have document strong benefits 
■ndtcating ma, insuhn serves functional capacity, limits ^ ^ mi " 
^^^^^^^^^^^^ 
global .schemia, in which both carotid arteries were occhtded, in some cases with induced 
hypotenston, or in which asphyxia, cardiac arrest was induced, insulin had a remarkab!. 
pro^tve effeo, limiting infarct size, reducing to neuroiogioa, deficit, and chancing me 
metabohc recovery. Moreover, to effect of insulin was Iarge,y independent of its Mood 

cerebral function and outcome. 

In models of transient ^ cerebral ischemia> ^ ^.^ ^ ^ 

proWvecffec,, reducing volume and extent ofcerebral necrosis, (Yip PK „ e 
YY, Hsu, CY, Garg, N, Marangos, P, and Hogan, EL (1 991) Effect of ptema gmcose „'» 
-*« srze in focal c^ral ischemia-reperfusio, ^ ology 41 , MQ 
Tranmcr B,, and Auer, RN (1 995, Insulin reduction of cerebral infarction due to transient ' 
local ischemia. J. Neurosurg. 82, 262-268). 
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) 


by White and colleagues (White, BC, Grossman, LI , ^ Qs " 
by global ischemia and reperfusion: A theoretical perspective on membrane damage^iuid 

-P-. '^>«^^BC, 0rossm a 1I , U , (W ei I ,B, D eolr D T 
Ne^KW^o^^d^,^,,^^^^ ' ^ 

C6C T ta — ^ — ^pa^a^tare^l 
f >ts effects on glucose maabohsm. Dnr ing ^ mos , of ^ ^ 

■ocalacc^onor^^^ >-d superoxide produci ng 

«°*«ono f ,hese &tty acids. Ther.er^on.gl.do 
*d cals ta damage neuronal membrane, hy lipid pe^tio, This injuly is agg L ed 

^yhaver.jorneoron-^^^^,^^^ < 
re gu ta8 themacm 0 er yrar newmemb™upid sy „ tei , ni , in ^ mays ^ 

promotmg effective translation of mRNA traascripb. * 


EXAMPTBfj 

maccordancewimmisinventio,,,,,^^^, u.,^, 

sUnuuaed by OLP-, in the presence ofnormo . t0 ^ ^ i- 
h^g 1 ycemi, mus p rotectaga8 ^ todevelopmKitofOTere 

:rr; n ^ en r c ' Gu, ' iwn,stauiatta — — 

w.U end to norma,™ blood glucose lev.,, Bod, of these actions can be of ^ 

- me acufc strolre situation. Simifcr resuhs can he achieved in non^iabeti L 

glucose. msuchcases, „ may be desirah.e to coadmhuster taavenous g, ucose ^ 
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e*5%, in ,„ ^ sdmulation of ^ secrajM . 

^. n, however, ta will be no need for care ft , dose titration, stace fte ^ 
epen*», actton of GLP-1 results m ■ Wtitta|io „. ^ j 
coupled wh elevated circulating insulin levels. 

Ci ^FFA S are„„,„„ wthoughttoen|ert|lebrabiandare 

Ufa- AW. ^aresm^e^o^eta^^^^^^^^ 

of neuronal ntentbrane phospholipid, ,s seated, genercting 
intracerebral FFAs. These FFAs are not generated by the action of glucagon 
Nevertteless, suppression of glucagon tnay generally enhance fte metabo|ic ^ 

^-induced state of insulin antagonism. With enhanced metabolic m i,L 
•here should be a beneficial suppression of inflammaSon 

»- b '-*-*ea, W veexan,les„Mcharei, 1 us 0at iveonlyofo„eas P ec,„ f 
*. present utvennon tha, i, accontplishes al, of its stated objectives. taponimtly , 1 

rangeor^vaie.Keofaepresentinvertdon.asn.eyareexemp^o,,,, 
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What is claimed is: 


1. 


to^^*^^^^ administeringtoanindiv^nn 
need o such freatment an effective amount of a composition which inCudes a compound 
wfochbmdstoarecep^ 

2- The method of claim 1 wherein the glucagon-like peptide-1 is GLP-1 or a 
biologically active analogue thereof. 

10 

3. The method of claim 1 wherein ft. pharmaceutical earner is selected from the 
group consist of saline, buffered saline, dextrose, water, glycerol, ethano,, .actose 
phosphate, marmitol, argintae, treholose, and combinations thereof. 

» 4. The memod of claim 1 wherein the admimstering ,„ an individual in need of 
treatment is intravenous a, a dose level of 0.1 pmoKkg/mfa. „p , 0 10 pmol/kg/mh, 

5. The memod of claim 4 wherein there is concurrent actainistration of glucose. 

» «• ^^ofcl3im4„heremmereisc„ m „ TO ,adminis tt a a onofanoxyge» 

scavenger. J& 


7. The method of claim 1 wherein administration commences within 4 hours of an 
ischemic event. 


25 


8. H. method of claim 7 wherein administration occurs within 4 hours of an ischemic 

event and continues thereafter. 


9. ^^OUI^I^^^.^^^ 
30 0.1 tol0pmol/kg/min. 
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at 0. l nmol/kg/ to 75 nmol/kg. 


.2. He.neftodofo.ata , wherein the a-tai^ is tatravenous ^ 

10 combination with glucose. 


^ The method of m«,bol,c intervention with GLP-1 to improve the taction of 
.scheme and reperfcsed brain cells, said petite, comprising: admta s «ering to an 
^uai ^^^^^^^ 
15 OLF-1 maphannaceuticalcanier. 

14 *^ofolatal3 wh erei„ m eg 1 uca B „.. I i k epe P ,i de . lisGLP . ]ora 
biologically active analog thereof. 

*»up costing 0 f sah„e, buflered saI ine, dextrose, water, g,vcero,, ^ lact0K 
phosphae, mannitol, argmine, treholose, and combinations thereof. 

nem ^ 0f ^ 11 »»«"«^.erin gto a„ Mvi d U a Iilne edo f 
treatment , s a. a dose level of 0.1 pmol/kg/rmn to 10 pmol/kg/min. 

»• Themeti.odofc.ata ISwhe™ there is concurrent adtamstiation of glucose. 

^ ^^ofdataBwhereina^stiationcommences^,,,^,,^ 

30 ischemic event. 
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ischemic event and continues thereafter. 


event is occurring. 


21. in. n^od of data I3 whmin te ^ fcr ^ assue 

«**c ™- arises 8™ a majical ^ ^ „ , 

causes ischemia of brain tissue. 


23. A«^^fc-.h-** tawBl0 . BilkQULIll> 

o ische^c and ^ ^ _ ^ ^ 

effective earner. 


17 


